In a phase 3 trial of denosumab vs zoledronic acid in patients (n = 1776) with bone metastases and solid tumors or multiple myeloma, denosumab was superior to zoledronic acid for the primary end point of prevention of skeletal-related events. There was no difference in overall survival between the two groups; however, an ad hoc overall survival analysis in the multiple myeloma subset of patients (n = 180) favored zoledronic acid (hazard ratio (HR) 2.26; 95% confidence interval (CI) 1.13-4.50; P = 0.014). In the present analysis, we found imbalances between the groups with respect to baseline risk characteristics. HRs with two-sided 95% CIs were estimated using the Cox model. After adjustment in a covariate analysis, the CI crossed unity (HR 1.86; 95% CI 0.90-3.84; P = 0.0954). Furthermore, we found a higher rate of early withdrawals for the reasons of lost to follow-up and withdrawal of consent in the zoledronic acid group; after accounting for these, the HR was 1.31 (95% CI 0.80-2.15; P = 0.278). In conclusion, the survival results in multiple myeloma patients in this trial were confounded and will eventually be resolved by an ongoing phase 3 trial.
INTRODUCTION
Patients with advanced cancer and bone metastases frequently experience skeletal-related events (SREs), defined as spinal cord compression, pathologic fracture and surgery or radiation to bone (hypercalcemia may also be included as a SRE, though this was not the case in the present work). 1 Bone-targeted agents including bisphosphonates and the RANKL (receptor activator of nuclear factor-κB ligand) inhibitor, denosumab, are used to prevent SREs in patients with bone metastases. In three phase 3 trials conducted in patients with bone metastases, denosumab was superior to zoledronic acid for the primary end point of time to first on-study SRE in patients with prostate cancer (n = 1904) 2 and breast cancer (n = 2046), 3 and noninferior in patients with solid tumors (other than prostate or breast) or multiple myeloma (n = 1776; hazard ratio (HR) 0.84; 95% confidence interval (CI) 0.71-0.98; P = 0.0007). 4 No differences in overall survival between treatment groups were observed in any of the phase 3 studies, [2] [3] [4] or in a prespecified integrated analysis; 5 however, in an ad hoc subset analysis, overall survival favored denosumab (HR 0.80; 95% CI 0.67-0.95; P = 0.01) in patients with lung cancer (n = 811) 6 and favored zoledronic acid in patients with multiple myeloma (n = 180; HR 2.26; 95% CI 1.13-4.50; P = 0.014). 4 An evaluation of the lung cancer data has been reported separately. 6 Multiple myeloma patients were included in this trial based on preclinical evidence for a role for RANKL inhibition in decreasing osteolytic bone lesions and tumor burden in murine myeloma models. 7, 8 As myeloma patients represented only 10% of the total sample and the primary end point was prevention of SREs rather than survival or tumor response, the study design did not include stratification for myeloma-specific prognostic factors. The aim of the present analysis was to evaluate potential differences between the denosumab and zoledronic acid treatment groups that might have contributed to the overall survival results in the myeloma subset of this phase 3 trial.
MATERIALS AND METHODS
In this international, double-blind, randomized, phase 3 trial (NCT00330759; the '244 study'), patients were randomized 1:1 to receive 120 mg subcutaneous denosumab or 4 mg (dose adjusted for renal function) intravenous zoledronic acid every 4 weeks. Eligible patients were adults with biopsy-confirmed advanced solid tumors or multiple myeloma with current or prior radiographic evidence of at least one bone metastasis (or lytic bone lesion from myeloma), and an Eastern Cooperative Oncology Group (ECOG) performance status of 0, 1 or 2. Randomization was stratified by tumor type (non-small-cell lung cancer, limited to 60% of total; multiple myeloma, limited to 10% of total; or other), systemic therapy (chemotherapy, biologic therapy or other (yes or no)) and previous SRE (yes or no). Patients were followed for survival for 2 years after the last dose of investigational product. The present post hoc analysis includes all patients in the myeloma subset (n = 180). Descriptive analyses were performed for baseline/on-study variables and adverse events. Kaplan-Meier estimates for overall survival were presented graphically and HRs with two-sided 95% CIs were estimated using the Cox proportional hazards model. To account for differences between the groups for early withdrawals because of 'consent withdrawn' and 'lost to follow-up,' an additional post hoc analysis was done in which these withdrawals were treated as events. A P-value was calculated using Fisher's exact test for the difference between groups for osteonecrosis of the jaw.
RESULTS
Of the 1776 randomized patients, 180 (10%) had multiple myeloma (93 zoledronic acid; 87 denosumab). In the myeloma subset, denosumab was similar to zoledronic acid for the primary end point of time to first on-study SRE (HR 1.03; 95% CI 0.68-1.57; P = 0.9), comparable to the results in the overall trial population. Denosumab was also similar to zoledronic acid for the time to first and subsequent SREs (HR 1.21; 95% CI 0.86-1.71; P = 0.3). Mean (s.d.) follow-up time was 18.4 (8.0) months for zoledronic acid and 17.0 (7.8) months for denosumab.
We evaluated differences in baseline/on-study variables in the study arms that may have contributed to the difference in survival. As shown in Table 1 , more patients who received zoledronic acid had ECOG score 0 (32% vs 24% for denosumab) and International Staging System (ISS) stage I disease (14% vs 10%), although these differences were not statistically significant. On the other hand, poor renal function in the lowest creatinine clearance group of 30-40 ml/min was more common in denosumab patients at baseline (10% vs 2% for zoledronic acid). The difference between the groups for the distribution of creatinine clearance categories was highly significant (P o0.001). Indeed, there were six more deaths in the denosumab group (7/9 patients) compared with the zoledronic group (1/2 patients) in patients with creatinine clearance ⩾ 30 to o 40 ml/min. Although there were more zoledronic acid patients in the ⩾ 40 to ⩽ 60 ml/min creatinine clearance categories, the difference in deaths was minimal (0/2 for denosumab vs 2/23 for zoledronic acid). The difference in poor renal function accounts for some, but not all, of the difference in deaths between the groups, as seven more patients with normal renal function (460 ml/min) also died in the denosumab group (16/76 vs 9/64 for zoledronic acid). In addition, stem cell transplantation had been given more frequently in the zoledronic acid group (25% vs 17% for denosumab) and novel myeloma therapies such as proteasome inhibitors and immunomodulatory drugs (one or more of bortezomib, thalidomide and lenalidomide) were used more frequently in the zoledronic acid group (96% vs 88% for denosumab). These latter differences were not individually statistically significant; however, after adjusting for ECOG performance status, renal function at baseline, stem cell transplant before study and on study and use of novel antineoplastic treatments in the Cox model, the HR was reduced and the CI crossed unity (HR 1.86; 95% CI 0.90-3.84; P = 0.0954).
The patient incidence of death as of the primary analysis cutoff date for the multiple myeloma subset was 8 (9%) for zoledronic acid and 19 (22%) for denosumab (P = 0.02; Table 2 ). The overall survival curve for the multiple myeloma patients in this study is shown in Figure 1a . We observed that between months 3 and 15, there were no deaths in the zoledronic acid group (note the plateau in the survival curve) and during this period the withdrawals from study because of consent withdrawn or lost to follow-up were higher in the zoledronic acid group (14% (13 patients zoledronic acid) and 7% (6 patients denosumab)), although the difference was not statistically significant. As there was no survival follow-up for patients who withdrew for these reasons, they have the potential to confound the survival results, particularly as the overall number of deaths was very small.
We therefore performed a clinical review on these patients. This clinical review of patients who had withdrawn consent between months 3 and 15 (no patient was lost to follow-up during this time) suggested that these patients, particularly those in the zoledronic acid group, had a poorer prognosis at baseline and worsening disease at the time of discontinuation. Specifically, 10 of 13 patients in the zoledronic acid group and 5 of 6 patients in the denosumab group who withdrew consent had not been newly diagnosed at the time of study entry; 6 patients in the zoledronic acid group and 2 patients in the denosumab group were 465 years of age at baseline; 3 patients, all in the zoledronic acid group, met the definition of hypercalcemia (serum albuminadjusted calcium ⩾ 2.6 mmol) at baseline; 4 patients, also all in the zoledronic acid group, had poor performance status (an ECOG score of 2) at baseline. In addition, 8 patients in the zoledronic acid group and 3 patients in the denosumab group had low albumin (o 3.5 g/dl); 7 zoledronic acid patients and 3 denosumab patients had elevated bone turnover (urinary N-telopeptide 4100 nM); and 9 zoledronic acid patients and 3 denosumab patients had prior SREs. All of the above factors suggest that many of the patients who withdrew consent or were lost to follow-up had poor prognostic values and aggressive features of myeloma disease at baseline that may have contributed to early withdrawal from the study. In addition, we note that laboratory assessments in these patients showed signs of disease progression in both treatment groups as evidenced by a worsening of renal function.
To evaluate the impact of these patients, we conducted an analysis in which events of death, consent withdrawal or loss to follow-up were treated as events (Figure 1b) . The resulting HR was reduced and the 95% CI crossed unity: HR 1.31 (95% CI 0.80-2.15); P = 0.278. Furthermore, we noted that in this analysis, the plateau in the zoledronic acid curve was no longer present and the two curves look more similar.
We compared the survival curves from the 244 study with those previously reported for zoledronic acid vs clodronate in the Myeloma IX study, a large randomized, controlled, populationbased, phase 3 British Medical Research Council trial. 9 With the caveat that cross-study comparisons should be approached with caution, we found that the survival rate of the 244 zoledronic acid arm was higher than the corresponding zoledronic acid arm in Myeloma IX, whereas the 244 denosumab arm was comparable to the Myeloma IX zoledronic acid arm (Figure 2 ).
In the 244 study, the incidence of adverse events was 99% for zoledronic acid and 98% for denosumab, and of serious adverse events was 51% and 58%, respectively. Hypocalcemia, a known adverse event for bone-targeted agents, was reported in 10 (11%) zoledronic acid patients and 12 (14%) denosumab patients. Osteonecrosis of the jaw occurred in 2 (2%) zoledronic acid patients and 4 (5%) denosumab patients (P = 0.43). Cumulative mean (s.d.) drug exposure, defined as the time from the first dose to the last dose plus 28 days, was 16.9 (8.0) months for zoledronic acid and 16.6 (7.8) months for denosumab.
DISCUSSION
In this post hoc analysis of a phase 3 trial of denosumab vs zoledronic acid for the delay or prevention of SREs in patients with bone metastases, we examined possible reasons for the favorable survival in the subset of patients with multiple myeloma in the zoledronic acid group. As multiple myeloma patients represented only 10% of the sample and this trial was designed to examine the end point of SREs, and not survival, the study design had not included randomization stratification for myeloma-specific prognostic factors. We found imbalances between the study arms including a higher proportion of patients in the zoledronic acid arm with positive prognostic characteristics such as ECOG score 0 and ISS stage 1, whereas the denosumab arm contained a higher proportion of patients with poor renal function, a well-established negative prognostic factor. 10 Furthermore, effective myeloma treatments including transplantation and novel myeloma therapies such as proteasome inhibitors and immunomodulatory drugs were more commonly used in the zoledronic acid group. As use of these drugs has been shown to double overall survival in multiple myeloma, 11 imbalances between the study arms could have affected the survival results. These individual differences were not statistically significant (except for the distribution of creatinine clearance categories) likely because of small sample size; however, a covariate analysis adjusting for these factors together substantially reduced the HR for overall survival, with a 95% CI that crossed unity. Although there is a clear effect of this type of covariate adjustment, it is limited by the number of covariates available for inclusion. Moreover, key factors such as M-protein and immunofixation at baseline, β2 microglobulin, type of immunoglobulin, light chain, cytogenetics and chromosome karyotype and plasma cell index were not collected in this study and therefore could not be accounted for in this analysis.
Furthermore, we observed a complete absence of deaths in the zoledronic acid group for a 12-month period between months 3 and 15, a finding that was anomalous compared with survival curves produced in prior studies. Upon further examination, we discovered that 13 patients in the zoledronic acid group withdrew consent to continue on study during this period, and as such, no further survival data could be generated for these patients. In addition, a large number of these patients had high-risk characteristics and worsening disease, indicating that death may have ensued after withdrawal. In the context of a small difference between the groups in the absolute number of deaths (n = 16) among multiple myeloma patients overall, it is clear that a few patients without follow-up data have the potential to affect the survival results. When these types of withdrawals were counted as events in the survival analysis, an analysis that was requested by regulatory authorities, there was no statistically significant difference between the groups and the plateau observed in the zoledronic acid arm was eliminated. These observations may also explain why the survival rate of the 244 zoledronic acid arm was higher than that in the Myeloma IX study, 9 whereas survival in the 244 denosumab arm was comparable to the survival reported with zoledronic acid in Myeloma IX. The survival rate in the 244 denosumab arm was furthermore consistent with that seen in prior clinical trials and epidemiological studies, [12] [13] [14] [15] [16] [17] [18] [19] [20] whereas the rate observed in the 244 zoledronic acid arm was comparatively greater than that reported in these historical studies. We acknowledge that cross-study comparisons should be made with caution; however, the predominance of evidence suggests that the survival of the zoledronic acid group in this study was anomalous.
In conclusion, in this phase 3 study of denosumab vs zoledronic acid, imbalances in the baseline and on-study variables and unequal early withdrawal censoring confounded the interpretation of survival in the multiple myeloma subset. An adequately sized confirmatory phase 3 trial of denosumab and zoledronic acid in multiple myeloma patients including randomization stratification by prognostic and disease variables is currently underway (NCT01345019) and will definitively resolve this issue. Until these data are available, the present report underlines the weaknesses of ad hoc subset analyses in clinical trials.
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